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(54) Tire monitoring system 

(57) Tire monitoring system for a tire (10) on a vehi- 
cle comprising: 

a sensor device (50) operative I y arranged with 
respect to the tire (1 0) to create an electrical pulse 
during the footprint pass corresponding to a defor- 
mation of the tire; 

means for calculating a ratio of the duration of said 
electrical pulse to the duration of one tire revolution; 
means for transmitting said ratio to an evaluating 
unit placed in the vehicle; 

characterized in that said sensor device (50) is placed 
within the tread area (12) of said tire in order that said 
electrical pulse presents a first maximum at the 
entrance and a second maximum at the leaving of said 
footprint pass. 
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Description 

The present invention relates to pneumatic tires for 
vehicles and in particular to a system for monitoring 
tires by monitoring their deflection. s 

The benefits of using proper inflation pressures in 
tires are many. With proper tire inflation pressures one 
can optimize tread wear, rolling resistance, road hazard 
resistance, casing life and traction of the tire and han- 
dling of the vehicle. It is usual for passenger tires to use 10 
only one or two tire pressures whatever may be the con- 
ditions of use of the vehicle. This is not the case for truck 
tires for which the recommended pressure varies in 
function of the load on the tires. So monitoring the tire 
air pressure can be not enough to obtain an optimum is 
tire performance. 

Monitoring the air pressure of a tire by monitoring a 
tire deformation is disclosed in EP 0,641 ,679. In this 
Patent Application is presented a device comprising: 

20 

a sensor operatively arranged with respect to the 
tire for delivering an electrical pulse during a foot- 
print pass corresponding to a deformation of the 
tire; 

an evaluating unit arranged in the vehicle for receiv- 25 
ing said signal from the sensor, with calculation 
means determining the degree of deformation as a 
function of a ratio of a duration of the electrical 
pulse to a duration of one tire revolution; 

30 

wherein said sensor is a bending or extension sensor 
disposed in a tire sidewall. The evaluating unit gives an 
estimate of the tire pressure by way of tables. 

In this device, the sensor delivers one electrical 
pulse per revolution of the tire; the shape of an electrical 35 
pulse is a flank that initially rises up to maximum ampli- 
tude with a finite steepness and then drops off again 
with the same slope and the duration of the electrical 
pulse is determined by the time within which pulse has 
an amplitude greater than a threshold. So this determi- 40 
nation is not very accurate because of all the usual fluc- 
tuations of the signals. Moreover, because large 
deflections occur in the sidewall area, this sensor is 
subject to large cyclic strains and may be prone to 
fatigue failures. 45 

The present invention improves the accuracy of the 
determination of the tire deformation in order to be able 
to monitor the tire with a quite efficient tire parameter. 
The above object is accomplished according to the 
present invention by a tire monitoring system as dis- so 
closed herein. 

The present invention concerns a tire monitoring 
system for a tire on a vehicle comprising: 

a sensor device operatively arranged with respect ss 
to the tire to create an electrical pulse during the 
footprint pass corresponding to a deformation of the 
tire; 



- means for calculating a ratio of the duration of said 
electrical pulse to the duration of one tire revolution; 

- means for transmitting said ratio to an evaluating 
unit placed in the vehicle; 

characterized in that said sensor device is placed within 
the tread area of said tire in order that said electrical 
pulse presents a first maximum at the entrance and a 
second maximum at the leaving of said footprint pass. 

The position of the sensor device within the tread 
area provides an accurate determination of the first and 
of the second maxima at the entrance and the leaving of 
the footprint pass. Accordingly, the ratio calculated of 
the duration t 1 of the electrical pulse to the duration t 2 of 
one tire revolution is proportional to the angular value of 
a contact length cord and is directly related to an esti- 
mation of the relative tire deflection: 



n x t-i 

/ = -cos(— p-i))x100 

r 2 



The system according to the invention aim at moni- 
toring not the tire pressure but the tire deflection in order 
to obtain an optimum performance particularly for truck 
tires. In fact, tire deflection is a tire parameter which is 
more critical for good tire performance than having a 
predetermined inflation pressure. 

The invention will be more readily understood from 
a reading of the following specification and by a refer- 
ence to the accompanying drawings forming a part 
thereof, wherein an example of the invention is shown 
and wherein: 

Figure 1a is a side elevation view of a tire showing 
the general location of a sensor device within a tire 
adjacent to a reference point on the contact surface 
of the tire; 

Figure 1b is a section through the tire along line A- 
A in Fig. 1 a showing the sensor and calculating and 
transmitting means locations; 
- Figure 2 is a plot of a typical output electrical signal 
from an accelerometer sensor as a function of time 
as the sensor passes through the contact patch; 
and 

Figure 3 is a general block diagram of the monitor- 
ing system used to carry out this invention. 

The Figure 1a shows a tire 10 mounted on a wheel 
18 in contact with a ground surface with a rotational 
velocity W. This tire 10 has an outer tread surface 12. 
The contact between the tire and the ground surface is 
the contact area with a contact length CL and a contact 
width TW (figure 1b). The tire 10 has a radius R out of 
the contact area and a radius RR at the middle of the 
contact length corresponding to its rolling radius. The 
tire deflection F is the difference between R and RR. 
This tire deflection F can be calculated by: 
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F = R x (1 - cos (a/2)) 

where a is the angular cord of the contact length, and 
the relative tire deflection f expressed in per cent is: 

/ = F/R = (1 - cos (a/2)) x 100 

The tire deflection and the relative tire deflection are 
very sensitive to the tire load and air pressure. A good 
monitoring of F and/or / is essential for optimum tire per- 
formance because the tires are designed to be used in 
precise deflection ranges. 

When the tire 10 rolls over the ground surface 30 
with a rotational speed W, the ratio of the duration of the 
time t 1 spent by a reference point 20 during the footprint 
pass to the duration of the time t 2 of one tire revolution 
is proportional to a. So: 

n x f« 

/ = (1 - cos ( — - — -)) x 100. 

A tire cross-section taken along line A- A in Rg. 1a 
is illustrated in Fig. 1b. A sensor device 50 is positioned 
near the radial plane R-R of the tire on an inside surface 
1 6 of the tire 10. Preferably the sensor device 50 is pro- 
tected by a rubber patch 52 on the inside surface 16 of 
the tire. The reference point 20 is adjacent the sensor 
device on the external surface 12 of the tire's tread at 
the radial plane. 

A sensor device 50 used to provide a signal for esti- 
mating tire contact length CL can comprise one of sev- 
eral different types, including but not limited to: 

1) an extensometer whose output signal is a meas- 
ure of the flexion or the bending of the inner surface 
of the tread's tire; such extensometer can be a pie- 
zoelectric polymer, which consists of a piece of pol- 
ymer which was manufactured in such a way as to 
contain aligned dipolar molecules which cause an 
electrical charge potential when the polymer is 
strained; a photorestrictive fiber optic cable con- 
necting a light emitting diode and a photocell, which 
modulates the amount of light received by the pho- 
tocell when the fiber optic cable is bent normal to its 
longitudinal axis; a variable capacitor made from 
aluminized mylar, whose capacitance changes as a 
function of stress; and a variable inductor sensor, 
consisting of an inductive coil whose inductance 
changes or whose coupling between two inductive 
coils changes as a result of sensor strain. The pre- 
ferred embodiment of the extensometer sensor 
device consists of the piezoelectric polymer which 
strains as a result of the tread bending or flexing as 
it enters and exits the contact patch; 

2) an accelerometer; this sensor device measures 
the intensity of the acceleration supported by the 
tread. 



Fig. 2 presents a simplified block diagram of the tire 
monitoring system. As the sensor device 50 strains, it 
generates a continuous electrical signal which is trans- 
mitted to calculating means 62 in order to calculate the 
ratio t t /t 2 and the estimation of the relative tire deflection 
f. These values are then periodically transmitted by 
transmitter means 63 to the evaluating unit 70 placed in 
the vehicle. This evaluating unit displays an alarm to the 
vehicle driver when, for instance* the value of the esti- 
mation of the relative tire deflection is out of a given 
range. 

In the embodiment presented in Fig. 1b. the sensor 
device 50 and an electronic package 60 are both within 
the tire. The electronic package comprises the calculat- 
ing and transmitting means which can be more sensitive 
than the sensor device to fatigue. These components 
are positioned near the bead area 14 of the tire. The 
bead area provides a stable environment to limit cyclic 
fatigue of these components remote from the sensor 
device. A lead wire 54 electrically connects the sensor 
device with these low life-cycle components. Other con- 
nection means are also within the scope of this inven- 
tion, including wireless connections. The transmitter 
means can have an antenna 61 for radio frequency 
transmissions positioned near the bead area 1 4. 

It is also possible to design a compact sensor 
device which would comprise all of the electronic com- 
ponents necessary for sensing, conditioning, calculat- 
ing and transmitting. Most of these components can for 
instance be placed in an ASIC. 

According to another embodiment, the sensor 
device comprises processing means which can provide 
the durations t-j and t 2 and transmit them periodically to 
the evaluating unit. This evaluating unit processes then 
these durations to give the values of t^ and/or f and 
display an alarm if necessary. «... 

The calculating means and/or the evaluating unit 
can also determine the wheel velocity, the number of tire 
revolutions in a given monitoring time and/or the total 
number of tire revolutions. These parameters can help 
to monitor the fatigue life of the tire. 

This information can be displayed in the vehicle 
cabin for the driver's immediate use, or as a warning in 
the case of a low pressure, high load and high speed sit- 
uations, or as an input into a vehicle central tire inflation 
system (CTIS). 

A passenger car BMW 735 with 225-55 ZR 16 tires 
has been equipped with a tire monitoring system 
according to the invention. Figure 3 is a diagram of an 
exemplary electronic signal curve 100 obtained from an 
accelerometer sensor device at a speed of 100 km/h 
and a tire pressure of 1 bar. There are large accelera- 
tions measured by the sensor device as the reference 
point enters contact with the ground surface. Taking as 
reference the acceleration measured out of the contact 
area, the accelerations produces an electrical pulse 
having a first maximum 101, 10V, 101" at the entrance 
of the footprint pass and a second maximum 102, 102', 
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102" at the leaving of the footprint pass, the relative val- 
ues of these maxima are about 200 g. Between these 
two maxima, the recorded relative output signal is about 
- 200 g corresponding to the flattening of the tread in the 
contact area. In fact, the absolute acceleration during 
the contact area could be considered as a reference as 
close to zero. 

These two maxima are directly related with the 
duration of the footprint pass and with the length of the 
contact area, and are easy to identify. Accordingly, it is 
easy to measure the duration t-j of the electrical pulse in 
the contact area and the duration t 2 of one tire revolution 
and to deduce from it a good dynamic estimation of the 
relative deflection f. 

A curve obtained with an extensometer of the 
above types would be very similar. 

Claims 



A tire monitoring system for a tire on a vehicle com- 20 
prising: 

a sensor device operatively arranged with 
respect to the tire to create an electrical pulse 
during the footprint pass corresponding to a 2s 
deformation of the tire; 

means for calculating a ratio of the duration of 
said electrical pulse to the duration of one tire 
revolution; 

means for transmitting said ratio to an evaluat- 
ing unit placed in the vehicle; 

characterized in that said sensor device is placed 
within the tread area of said tire in order that said 
electrical pulse presents a first maximum at the 
entrance and a second maximum at the leaving of 
said footprint pass. 

A tire monitoring system as set forth in 1 , wherein 
said sensor device is positioned on the inside sur- 
face of said tire. 



6. 



an evaluating unit placed in the vehicle; 
said evaluating unit having means for calculat- 
ing a ratio of the duration of said electrical 
pulse to the duration of one tire revolution; 

characterized in that said sensor device is placed 
within the tread area of said tire in order that said 
electrical pulse presents a first maximum at the 
entrance and a second maximum at the leaving of 
said footprint pass. 

A tire monitoring system as set forth in claim 6, 
wherein said system displays an alarm when said 
ratio of the duration of said electrical pulse to the 
duration of one tire revolution obeys a given rela- 
tionship. 

A tire monitoring system as set forth in one of 
claims 1 to 6, wherein said sensor device is a exten- 
someter. 

A tire monitoring system as set forth in one of 
claims 1 to 6, wherein said sensor device is an 
accelerometer. 
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3. A tire monitoring system as set forth in one of 
claims 1 or 2, wherein said means for calculating 
and transmitting are removed from said sensor 45 
device within the tire. 

4. A tire monitoring system as set forth in claim 3, 
wherein said means for calculating and transmitting 
are placed within the bead area of the tire. so 

5. A tire monitoring system for a tire on a vehicle com- 
prising: 



a sensor device operatively arranged with 
respect to the tire to create an electrical pulse 
during the footprint pass; 
means for transmitting said electrical pulse to 
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